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SUMMARY

An experimentalinvestigationwastie todeterminetheeffectsof
positiononthelow-speedstaticlongitudinalsadstaticlateral

stabilityderivativesof airplmemodelsham fuselsgesofsquareand
rectangularcrosssections@ unsweptandk~”sweptbacksurfaces.The
horizontaltailofeachmodelwaslocatedonthefuselsgecenterHne.

Theresultsoftheinvestigateionindicatedthatat lowanglesof
attackthecompleteunsweptmodelswiththewinginthehighposition
weremorestableor leastlongitudinallyunstable;whereas,fortheswept
modelstherewaallittlechangein longitudinalstabili~withchangesin
wingposition. Forboththesweptandunsweptccnrpleteconfigurations
thelow-wingpositionwasgenerallytheleaststableinthemediumsngle-
of-attackrange;whereas,athighanglesof attacktherewaalittle
si.gnificsntdifferenceinthestabilityofthemodelsduetowingposi-
tion. Theresultsalsoshowedthatinthelow@ mediumangle-of-attack
rqe movingthewingfrcmthelowto thehighpositiongenerallycauses
a decreaseinthedirectionalstabill~forboththesweptandunswept
configurations.Thelow-wingconfigurationwasindicatedtohavethe
smallestdetrimentaleffectscausedby sidewashonthetailcontribution
tothestaticlateralstabilityderivativesforalmosttheentiretest
angle-of-attackrange.-

Theresultsalsoshowedthatwing-fuselsgeinterferencecausesan
increaseineffectivedihedralsnglewhenthewingismovedfrcnnthelow
tothehighpositionasoccurredforthecirculsr-cross-sectionfuselage
reportedon inpreviousinvestigations.
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INTRODUCTION

.

G

Pitch-upandlossindirectionalstabilityathighanglesofattack
havebeenencounteredinsomehigh-speedairplanesandhaveledtothe
considerationofchamgesinvariousairplanecomponentsinan attemptto
alleviateortoeliminatethesedifficulties.Saneofthechangesunder
considerationareinwingposition,fuselagecross-sectionalshape,and
horizontal-tailposition.Severalsystematicinvestigationshavebeen
made”todeterminetheeffectsofthesechangesonthestabilitychsmcter-
isticsofmodeh withfuselagesofcircularcrosssection(refs.1 and2,
forexample)andtheeffectsoffuselagecross-sectionalshapeonthe
staticstabilitycharacteristicsofmidwingmodeb havingunsweptud
45°sweptbacksurfaces(ref.3).

Thesamemodelsusedintheinvestigationofreference3 wereused
inthepresentinvestigationwhichwasconcernedwiththeeffectsof
vsxyingthewingpositiononthestaticstabilitycharacteristicsof
modelshavingfuselagesofsquareandrectangularcrosssectionsand
havinginterchangeableunsweptend45° sweptbackwingandtailsurfaces.
Forthepresentinvestigationthehorizontaltailwaslocatedon the
fuselagecenterline,aswasthecaseintheinvestigationofreference3.

*

Thedataarereferredtothestabilitysystemofsxeswiththe
originonthefuselagecenterline;thelongitudinallocationisatthe
projectionofthewingaerdymmiccenteronthefuselagecenterline.
Positivedirectionsofforces,moments,andangulardisplacementswe
showninfigure1. Thecoefficients

CL liftcoefficient,F~q~

G Idr% coefficient}F; q%

andsymbolsaredefinedasfollows:

% lateral-forcecoefficient,FY/@W

cl rolling-momentcoefficient,Mx/@w%

% pitching-momentcoefficient,My/q*

% yawing-momentcoefficient,%/@W%J

FL lift
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drag(approximate]

lateralforce

rollingmoment

pitchingmoment

yatingmcunent

-c pressure,1 V2~P

free-streamvelocity

massdensi~of air

aspectratio,

span,measured

plan-formarea

#/$

perpeticu~ tofuselagecenterline

chord,measuredparalleltoplaneof symmetry

rootchord

tipchord

meanaerodynamic

coordinatealong

J%+
chord;forexanple,

‘w=% Cl ‘2W

Y-sxis,measuredfrcmplaneof symmet~

or ~ taillength,distancepsralleltofuselagecenterline

/
frommountingpointtO Ev 4

averagefuselageheighta%wingroot

averagefuselagewidthatwingroot

perpendiculardistancefromfuselage
rootchordcoincideswithfuselage

/
or 75H4

center line to EJ4 (tail
centerline)
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wingheight,perpendicul.sxdistancefromfusehuzecenterlime
towingchord
centerline)

localradius of

~lane(positivewhenwingisab&e fuselage G

circularfuselage

fuselagecornerradius,R/3

localhalf-widthofsquareorrectangularfuselage

localhalf-depthofsquareorrectangularfuselage;forsqusre
fuselege,d = w

longitudinaldistancealongfuselagecenterlinemeasuredfram
fuse@e nose

effectivedihedralangle,deg

taperratio,ct/cr

angleof sweepof

angleofsideslip

azimuthangle

angleof attack

quarter-chordline

‘yp>%@J~ contributionofthetailgrouptoderivatives;thatis,
for

for

for

thewingon, + =
P (%)PwFvH -

thewingoff, ‘~ = (%)FVH -

a wing-tailconfiguration,Myp

*
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Subscriptsandabbreviations:

w wing;usedwithsubscripts1,2,and3 todenotewingposition
relativeto fusel~e(seefig.2)

F fuselage;usedwithsubscripts1 to4 todenotevariousfuselsges
(Seefig.3)

E horizontaltail;usedwithsubscripts1 and2 todenoteunswept
andsweptconfigurations,respective~(seefig.k)

v verticaltail;usedwithsubscripts1 and2 todenoteunswept
andsweptconfigurations,respectively(seefig.4)

APPARATUSANDMODEIS

Thetestswereconductedinthe6-by 6-foottestsectionof the
Langleystabilitytunnel.Themodelsusedweredesignedtopermittests
ofthewingalone,thefing-tailcombination,thefuselagealone,the
wing-fuselsgecombination(withthewingatseveraldifferentpositions),
orthefuselagewithanytailconfigurationwithorwithoutthewings.
Therelativelocationsofthewing,fuselage,andtailsurfacessreshown
infigure2.

Fuselagesof squsreandrectangularcrosssectionshavingrounded
cornersweretested..A sideviewandcrosssectionof eachfuselageare
giveninfigure3 togetherwiththedesignationbywhichthefuselages
areIdentified.Thecoordinatesof thesquareandrectsmgulsxfuselages
weresodeterminedthatthevsriationofthecross-sectionalareaof each
fuselagealongthelongitudinalaxiswasthessmeasthatofthecirculsr-
cross-sectionfuselage(Fl)discussedinreference3. Thecoordinates
ofthefuselagewithcircularcrosssectionaregivenintable1.

!Theconfigurationstestedhadbothsweptandunsweptwingandtail
surfaces.Thequsrter-chordLLnesweresweptback@ and45°forthe
unsweptsadsweptsurfaces,respectively.Thewingshada taperratio
of0.6- anaspectratioof4. Tnetailsurfacesalsohada taper
ratioof0.6. Theaspectratioandothergecmetrfccharacteristicsof
thevarioustailsurfacesaswellasthoseofthewingsaregivenin
tableII. Thegeaetriccharacteristicsofthevarioustailsurfacesare
showninfigure4 togetherwiththedesignationchosento identifyeach
surface.T@ wingsweretestedatthemtdwinglocationsndalsoatposi-
tionsone-thirdofthemaxtmumlmdydepthaboveandbelowthefuselage
centerline.Allliftingsurfacesweresetat O0 incidencetithrespect
to thefuselagecenterline.
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Themodelsweremountedona singlestrutsupportata pointon the
fuselagecenterline,locatedforthesweptandunsweptconfigurations P
asshowninfigure2. A photographofthesweptconfigurationwithfuse-
lsge2 andwiththewinginthemiddlelocationisgivenasfigure5.

Forthewing-tailconfigurationsthetailwasmountedona steel
tubeofsmalldiameterwhichwasfastenedtothewingorwingmounting
bracket.Thelocationsofthewingandtailcorrespondedto thelocations
ofthewingandtailwhentestedincombinationwitha fuselage.The
isolatedtallwasmountedonthesanetubewhichwasthenattachedtothe
modelsupportstrut.Forthewing-tailsndisolated-tailtests,thetail
areaincludedtheportionnormallyenclosedin

Forcesandmaentsweremeasuredbymeans
componentbalancesystem.

TESTSANDCORRECTIONS

thefuselage.

ofa conventionalsix-

Testswerered-eata @mnic pressureof 24.9 poundspersquarefoot
whichcorrespondstoa Machnumberofabout0.13anda Reynoldsnumberof
about0.71X 106basedonthemeanaerodymsmicchordofthewings.The P

modelsweretestedthroughanangle-of-attackrangefrom-kup to md
beyondmsdmum lift(ofwingsalone)atsagles.ofsideslipof 0°and~5°.
Testsofthecompleteconfigurationswerealsomsdeatanglesofattack

&

ofOO 10o,200,and26°througha rmge ofsideglipanglefrom-200
to206.

Approximatecorrectionsbasedonunswept%ingtheoryfortheeffects
ofJetboundaries(ref.4} havebeenappliedto thelift,drag,and
pitching-mcmentcoefficients.No correctionsfortheeffectsofsupport-
strutinterferencehavebeenappliedtothedata;however,somedataare
presentedto showthesupport-strutinterferenceforseveralcomplete-
ndel configurations.

RESULTSANDDISCUSSION

PresentationofResults

Thestaticlongitudinalstabilitycharacteristicsofthemodelsare
giveninfigures6 to 13andthestaticlateralstabilitycharacteristics
me presentedinfigures14to26. A summaryoftheconfigurationsinves- .
tigatedandofthefiguresthatpresentthebasicdatafortheseconfig-
urationsisgivenintable111.

7
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StaticLongitudinalStabilityCharacteristics

Completemodels.-Theeffectsofwingpositiononthestaticlongi-
tudinalstabilitycharacteristicsofthecqlete mode~ aregiven~
figure6. In thelowangle-of-attackrangefortheunsweptconfigura-
tions,themodelswiththewinginthehighpositionwerethemoststable
or leastlongitudinallyunstable.Forallwingpositionstheconfigura-
tionswiththeshallowfuselagewereunstableinthelowangle-of-attack
rangedueto thelargeinstabilityof fuselage4. Wingpositionhti
littleeffectonthelongitudinalstabilityoftheswept-wingmodelsin
thelowangle-of-attackrange.Althoughdifferencesintheterevalues,
showninfigure8, causedsomechangeintrimfortheswept-wingmodels,
thestabilityinthisrsmgewaaunchangedby neglectingthetaredata.
Forboththesweptsadunsweptmodeb thelow-wingmodelwasgenerally
theleaststableinthemediumangle-of-attackrange.At thehighangles
of attacktherewaslittlesignificantdiff~renceinthestabilityofthe
modeh duetowingposition.Forsnglesof attackjustbelowthestall,
theunsweptconfigurationwiththelowwingsmdthesweptconfiguration
withthehighwingappeartohaveslightlybetterlongitudinalcharacter-
isticsthantheotherconfigurations.

Boththeunsweptandsweptmodelsshoweda pitch-uptendency;how-
ever,fortheunsweptmodeltheangleforpitch-upwasabovethestall
singleofattackandtheeffectforan actualairplanewouldnotbe as
importantasthatforthesweptmodelswhichshowedthistendencyatan
angleof attackbelowstall.Wingpositionhadlittleeffectonpitch-
up tendencyofthemodels.As a matterof hrterestandinorderto give
an indicationofthechangesintrimthatmsyoccurwithangleof side- ‘
slip,changesinpitching-momentcoefficientwithangleofsideslipfor
thecompletemode~ atseveraldifferentanglesof attacksrepresented
infigure7.

Thedataof figure6 showthatforboththesweptandunsweptcon-
figurationschangesinwingpositioncauselittlechangeindragcoeffi-
cientat lowanglesof attack.At thehighanglesof attackchangesin
wingpositiongenerallycausea lsrgerchangeindragcoefficientforthe
sweptmodelsthanfortheunsweptmodelstiththelow-wingmodelsprovfding
thelowestdragandthehigh-wingmodelsthehighestdragcoefficient.
Thereasonforthelowvaluesofdragcoefficientup to ansngleof attack
of 8°fortheunsweptcompleteconfigurationwithfuselage3 isnotclesr
sincethedataforthewing-fuselageconfigurationdo notshowthiseffect
(seefig.g(b)).Fortheunsweptmodelsthelow-wingconfigurationsgen-
erallyhavea slightlyhigherliftcoefficientat lowugles of attack
thsmthemidwingorhigh-wingconfigurations;whereas,forthesweptmcdels
thelow-wingconfigurationsgenerallyhavea slightlylowerliftcoeffi-
cientthanthemodelswithotherwingpositions.At highanglesof attack
theeffectofwingpositionisgenerallygreaterforthesweptmodels
thanfortheunsweptmodelswiththehighwingpositionprovidingthe
highestliftandthelowwingpositionthelowest.
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In ordertogive
~, CL,and CD for

an indicationofthe
thecompletemodels,

lUICAl!N3857
.

struttsrecorrectionsto
figure8 hasbeenprepared. 9

Althoughthecorrectionshavenotbeenappliedtothedata,itappears
fromthefigurethatthegeneralconclusionssrenotalter~. Inthe ‘
applicationofthecorrectionsthevalueso~ CL and ~ showninfig-
ure8 shouldbe addedtothedata,whereastheincrementsof C; should
be subtractedfromthedata.

Ingeneral,theeffectsofwingpositiononthelongitudinalchar-
acteristicsofthemodelswiththesqusreandrectangularfuselagesme
shnilartothoseobtainedwiththecircularfuselagereportedinrefer-
ence1.

Wing-fusel.age configurations.-Forthewing-fuselageconfigurations,
changesinwingpositionhadonlya smelleffectonthelongitudinal
stabilitythroughouttheangle-of-attackrangetested.(Seefig.9.)
Themidwingconfigurationgenerallywaslessunstablethanthehigh-or
low-wingconfigurations.Therewereonlysmallchangesindragcoeffi-
cientat lowanglesof attackduetowingposition.Aswasthecasefor
thecompletemodels,chmgesinwingpositioncsuseda lsrgerincrease
indragcoefficientforthesweptmodelsthanfortheunsweptmodelsat
highanglesofattackwiththelow-wingmodelshavingthelowestdrag
andthehigh-wingmodelshavingthehighest.drag.me effectsofwing
positionontheliftcoefficientforthewiyg-fuselageconfigurations
weresimilartothosenotedforthecompletemodels.

Fuselageandfuselsge-tailconfigurations.-Thedataforthefuse-
lageandfuselage-tailconfigurationshavekeenpresentedinreference3
butarealsopresentedhereforcompleteness.Infigures10and11are
presentedthesta-t_iclongitudinalcharacteristicsofthefuse-e ad..
fuselage-tailconfigurations,respectively.Thepitch-uptendencyshown ““
forthefuselage-unswept-tailconfigurationatmoderateanglesof attmk .
is,of course,dueto stallingofthehorizontaltail. Theresretwo
setsofpitching-momentdataforthefuselagealonesincethecenterof
momentswasslightlydifferentdependingonwhetherthefuselagewasused
inconjunctionwithsweptorunsweptw@g-tailsurfaces.~is difference
incenter-of-momentlocationcausedonlya smalldifferenceinthelongi-
tudinalstabilityofthefuselages.

wing,wing-tail,smdisolated-tailconfimrations.-Thelongitudinal
characteristicsofthewing,wing-tail,andisolated-tai_lconfi~ations
aregiveninfigures12mi-13. ‘I@smuch”asthecharacteristicsofthese
sweptandunsweptwingshavebeenrepor%ed=+useve?%lother‘nvestigat+onsJ

suchsareferences1,5, ti 6, theyarenotdiscussedherein.

Aswasmentionedinthesectionentitled“Apparatw.andModeM~”
thewing-tailandtail-aloneconfigurationsweretesteQwiththetail

—.

—.
.-

4

*-
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mountedattheappropriatetaillengthon a steeltubeof mnalldismeter
4 whichwasfastenedto thewingorwingmoktingbracket.Thelocations

ofthewingandtailcorrespondedto thelocationsofthewingandtail
whentestedinconibinationwitha fuselage.Sincetheeffectsof changes
inwingpositionwerethelargestforthemodelwithfuselageofdeep
rectangularcrosssection(F3),onlytheresultsforthewinglocations’
thatcorrespondtothoseoffuselage3 arepresentedinfigures12 and13.
Alsoinfigure13arepresentedthelongitudinalcharacteristicsofthe
isolatedtail.Figure12showsthatthereis littleeffectofwing
location- thatis,winglocationwithrespecttothebalancecenter-
onthestaticlongitudinalcharacteristicsofthewings.A ctudyof
figure13showsthataddingthewingtotheisolatedtailcausesa
decreasein longitudinalstabilityat lowsinglesof attackwhichismuch
largerfortheunsweptwingthanthatobtainedwiththesweptconfigura-
tion. Thedecreasein longitudinalstabilityobtainedis caused,of
course,by downwash.Varyingthewingpositionhasonlya smalleffect
onthelongitudinalstabilimofthesweptwing-tailconfigurationsin
thelowangle-of-attackrange;however,fortheunsweptwing-tailconfig-
urations,raisingor loweringthewingcausesam increasein longitudinal
st~i~~ atlowanglesof attacktithlittlesignificantdifferencesin
stabilityathighanglesof attack.Forboththeunsweptandsweptcon-
figurationsthevsriationofpitching-momentcoefficientwithangleof

& attackisgenerallyverysimilartothevwiationobtainedfortherespec-
tiveccmpleteconfigurations.

StaticLateralStabili@Characteristics

ccmplete modeLs.-Theeffectsofwingpositiononthestaticlateral
stabilitycharacteristicsfortheccmpletemodelssxegiveninf@ure 14.
I&amthefigureitcsnbe seenthatmovingthewingfromthelowto the
highpositioncausesanincreaseinthenegativevalueof Cz

P
Inthe

lowangle-of-attackrange,aswasexpected.Theincreaseisgreatestfor
thedeeprectangularfuselage
f@urations.

(F5)forboththesweptandunsweptcon-
Thereisno consistenteffectofwingpositionon c~

P
for

eithertheunsweptorsweptconfigurationsathighanglesof attack.The
valueof Cz , however,becomespositive(negativedihedraleffect)for

P
allthesweptconfigurationsfora rangeof angleof attackbelowthe
angleof stall.Thiseffectwouldnotbe ~ected to existathigher
Reynoldsnumbers.(Seeref.7, forexample.)

h thelowendmediumangle-of-attackrangesforboththesweptand
. unsweptmodelsmovingthewingfromthelowtohighpositiongenerally

causesa decreaseinthevalueof C
9“

Forthesweptmodelsthevari-

Q ationof
%

withangleofattackiSsuchtht Cn becomesnegative
P
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atthehighersinglesof attack.Forthesweptmodelstheunstablevalues
of cnB andthepositivevaluesof CZBin therangeaboveabout 2
= 10° srefactorswhich,togetherwiththepitch-uptendenciesnoted

~efore,csmresultinan airplsmeconfigurationthatcouldhavehfghly
divergentcharacteristicsatthesehighanglesof attack.Itshouldbe.
pointedout,however,thattheresultsofthepresentinvestigationhave
beenobtainedata relativelylowReynoldsnumberandthatsanechanges
inthederivativesobtainedinthepresentinvestigationwouldprobably
notresultathigherReynoldsnumbers.Fortheunsweptconfigurations.
withthesquareandshallowrecta- fuselages,

c%
re&inspositive

throughouttheangle-of-attackrangetested;whereas,forthedeep- —
rectangular-fuselageconfigurationsthevaluesof C

%
becomenegative

athighanglesofattackforthemidwingandlowwing”position.However,
forthehighwingpositio~smallpositivevaluesof

%
aremaintained

throughouttheangle-of-attackrangetested.Movingthewingto either
thehighor lowpositiongenerallycausesCyp to increasenegatively.
Partoftheincreaseisduetotheend-plate&ffectofthewingonthe
fuselage.Thiseffectwasalsoobtainalwiththecirculsrfuselagein
reference1.

Ingeneral,theeffectsofwingpositiononthestaticlateral a

stabi~tyderivativesformode~ withsqusreandrectangularfuseleges
aresimilertothos,eobtainedwithmodelshavingfuselagesofcircular
crosssection.b ordertogiveanindicationofthestruttsrecorrec- +
tiOnStO CZB, CnB,SZld+B forthecompleteconfigurations,figure15

ispresented’.Aswasmentio&dforthecaseof staticlongitudinalsta-
bility,thetarecorrectionswerenotappliedtothedata,butitappears
fromthefigurethatthegeneralconclusionssrenotaltered.Inthe
applicationofthecorrectionsthevaluesof c~

P
showninfigure15

shouldbe addedtothedata,whereasthevaluesof Cnp - %P shou~
be subtractedfmm thedata.

Thevaluesof CZP, C%, and ~B discussedup tothispointwere

obtainedfromthevaluesofthecoefficientsat j3= ~5°. Inorderto
showtherangeofsideslipangleforwhichthesevalueswouldapply,
figures16to 18srepresentedto showthevariationof’C!z,Cn)end
~ foranglesof attackof0°,10°,20°,and26°fora rmge ofsideslip
angle ~ from-20°to 20°. Generally,thevariationof Cz, Cn,and
Cy withsingleofsideslipisnonlinear;however,thecurvesobtained
for Cy aremorenearlylinearthanthosefor Cz and Cn. Therange *

of sideslipangleforwhich C
%

ranainsconstantisdecreasedfrcmtlOO
at0° angleof attacktoroughlyso at26°mgle of attack.Withfew v
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exceptionswhichgenerallyoccurat@ angleof attack,thereis little
effectofwingpositionontherangeof linemityof thedata.

Theeffectsofwingpositiononthetailcontributionto CZP> Cnp>
and Cy

P
can be seenfromfigure19. Thisfigurepresentstheincre-

mentsACZP, ~P, md ACyP duetothetailobtainedby subtracting

thevaluesof CZP, CnP,and CYP forthewing-fuselageconfigurations

fromthevaluesofthederivativesforthecampleteconfigurations.For
ccmpsxisonpurposes,thevaluesof CZP, ~, and CyP fortheisolated-
tailgrouparealsopresented.Thefigureshowsthatat lowanglesof
attacktheinterference(sidewash)ofthewing-bodycmibinationonthe
tailcontributionsissmall,whereasatthehigheranglestheinterference
isconsiderablygreater.Thisconditionisespeciallytruefor Cn

and Cyp.
P

Thelow-wingconfigurationgenerallyhasthesmallestinter-
ferenceeffectson AC7P, ~~, smd +

B
foralmosttheentiretest

angle-of-attackrange.

Wing-fuselwe confi~S.tions.-Theeffectsofwingpositionon CZP~

c%’ ‘d C%
forthewing-fuselageconfigurationsme giveninfigure20.

Franthefigureit canbe seenthatat lowanglesof attackchangingthe
wingfromthelowto thehighpositionchangesthevalueof C2P frama
positiveto a negativevalue.Thiseffectistrueof courseforboth
thesweptandunsweptconfigurationsandis a result,aswaspointedout
inreference1,ofthecrossflowabouttheyawedbodywhichinducesa
positiveangleofattackfortheleadingwinganda negativeangleof
attackforthetrailingwingforthehighwingarrangementandwhich
inducestheoppositeeffectforthelowwingsrrang~ent.Thechanges
ineffectivedihedralanglewithwingheightat a = @ fortheconfig-
urationsofthepresentinvestigationandalsoforthecircular-fuselage
configurationdiscussedinreferenceS srepresentedinfigure21. The
valuesof Cz

P
obttinedinthepresenttestswereconvertedintoan

effectivedihedralangleby usingthevaluesof Cl
$

causedby a unit

changeindihedralangleaagiveninreference8. Thevalueof CZP
perdegreeofgecmetricdihedralobtainedfromreference8 was0.00020
fortheunsweptconfigurationssnd0.00018forthesweptconfigurations.
Figure21showsthattheeffectivedihedralsnglevariesfrom-3.5°to
4..0°forthecircular-fuselageconfigurationandfram-3.3°to 6.8°for
thedeep-rectangular-fuselageconfigurationwhentheunsweptwingis
raisedfromthelowto thehighposition.Forthesweptconfigurations
theeffectivedihedralvsriesfram-h..l”to4.5°forthecircular-fuselage
configurationandfrom-6.00to 6.7 forthedeep-rectsagulsr-fuselage
configurationwhenthewingismovedfromthelowto thehighposition.
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Theexpression

.

v“”

Incranentin Czp=
L2q3(h’ ; q

57.3

obtainedfromreference9 wasusedto estimatetheincrementin CZP
at u = 0° resultingfromwing-bodyinterference.Thetotalmessured
incraentresultingfmmmovingthewingfromthelowtothehighposi-
tionwasusedinthecomparisonbetweenmeasuredandestimatedvalues
showninfigure22,sinceforsomecaseseqpalincrementswerenot
obtainedinthetestsbymovingthewingequaldistancesaboveandbelow
thefuselage.centerline.Accordingly,thevalueobtainedfromthe
apiricalrelationwasdoubled.Thecanpsrisonshowsthattheestimated
valuesat a = 0° areslightlylowerthanthemeasuredvaluesforthe
squsre-andrectangular-fuselageconfigurations.Figure22 alsoshows
thattheincrementsin Cz

P
measuredforthesweptconfigurationsare

slightlyhigherthanthosefortheUnsweptconfigurations.

At loweaglesofattacknearzerothereis littleorno effectof
wingpositionon Cnp forthewing-fuselageconfigurations.(See .
fig.20.) At thehigheranglesofattacktheeffectofwingpositionis
largerbuttheeffectisnotconsistent.

*
Aswasthecasewiththecompleteconfiguration,addingthewingto

thefuselageincreasescY~ at lowangles_ofattackbecauseoftheend- _

plateeffectofthewingonthefuselage.Theeffectofwingposition
on CyP isgenerallymuchlsrgeratthehighanglesof attackforthe

square-fuselageandfortheshallow-rectangular-fuselageconfigurations
whentestedwiththeunsweptwingthanfor.anyoftheotherconfigurations
tested(fig.20). Theconfigurationswtththedeeprectangulufuselage
developrelativelylargenegativevaluesof CyP athighsnglesof attack.

Fuselageandfuselage-tailconfigxmations.-lhedataforthefuselage
andfuselage-tailconfigurationshavebeenpresentedinreference3but
arealsopresentedhereforcompleteness.Thevariationsof CIB, Cnp,

and Cyp with a forthefuselagesndfuselage-tailconfigurations

testedareshowninfigures23 and24,respectively.Dataarepresented
fortwocenter-of-momentlocations;onecorrespondstothecenter-of-
momentpositionfortheunsweptconfigurationsandtheothertothe
center-of-manentpositionusedforthesweptconfigurations.Thefuselage
withthemoreresrwardcenterofmoments(usedwiththesweptconfigura-
tions)iss~ghtlymoredirectionallyunstablethanthatwiththeforwsrd
center-of-momentlocation.
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wing, wing-tail,andisolated-tailconfigurations.- Thelateral
characteristicsofthewingsaregiveninfigure~. Thelocationof
thewingswithrespecttothemountingstrutcorresponded,of course,
to thelocationofthewingswhentestedincmnbinationwiththeother
modelcomponents.Sincetheeffectsof changesinwingpositionwere
thelsrgestforthemodelwith F3,onlytheresultsforthewingposi-
tionsthatcorrespondto thoseoffuselage3 ue presentedinthisfigure.
Theresultsshowlittleeffectofwfmglocation- thatis,winglocation
withrespecttothebalancecenter- onthelateralcharact~isticsof
thewings.Inasmuchasthewing-alonecharacteristicshavebeenreported
inotherinvestigations,suchasthoseofreferences1,5, snd.6, they
srenotdiscussedherein.

Theresultsofthewing-tailandisolated-tailconfigurationsare
giveninfigure26. Fromthefigureit canbe seenthatthemi.dwing
reducesthedihedraleffectoftheverticaltailfortheunsweptmidting
configurationat lowanglesof attack.Thehighandlowwingpositions,
however,causeonlya littlechangeindihedraleffectofthetail.For
thesweptconfigurationsnearzeroangleof attackthereis littleeffect
ofwingonthetaildihedraleffectcausedby themidwingendlow-wing
configurations;however,thehightingcausesanincreaseddihedraleffect.

Fortheunsweptwing-tailconfigurationraisingthewinggenerally
decreasedthevalueof Cn$,whereastherewaslittledifferencebetween
thevaluesforthemidtingandlow-wingconfigurationsat lowanglesof
attack.Forthesweptwing-tailconfigurationloweringthewingincreased
slightlythevalueof CnP obtainedfoithewing-tailconfigurations.
An oppositeeffectto thatobtainedfor CnP tookplaceinregard to

increasesanddecreasesinthenegativevalueof Cyp. A betterindica-

tionoftheinterferenceeffectsofthewingonthetsU contributionfor
thewing-tailconfigurationscanbe obtained&cm figure27whichpresents
thetailcontributionsfortheisolatedtailandforthetailinthepres-
enceofthewing. Theincrementsof ACnPJfckexmnple,contributedby

thetailwhentestedin combinationwiththewingwereobtainedby sub-
tractingthevaluesof

c%
obtainedforthewingalonefrcmthevalues

Of Cn
B

obtainedfromtestsofthewing-tailconfigurations.The differ-

encebetweenthevaluesobtainedwiththeisolated-tailandthewing-tail
configurationscanbe attributedto interferenceeffects.Theinterference
effectsofthewing
of attackthanthey
tailconfiguration,
relativelylargeat
considerablylsrger
configuration.The

onthetailgenerallysremuchlargerathighangles
sreat lowanglesof attack.Fortheunsweptwing-
theinterferenceonthetailcontributionto Cl is

P
lowanglesofattackforthemidtingpositionandis
thantheinterferenceforeitherthehigh-or low-wing
highwingpositioncausesthegreatestinterference
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onthetailcontributionto ~P at lowanglesof attack,whereasat
anglesof attackabovetheangleofwing-alonemaximumliftthelow-wing
configurationhasa considerablylargerinterferenceeffectthaneither
thehighwingormidwingpositionforwhichtheinterferenceeffectsue
newly equal.Theinterferenceeffectson Cy

B
areaboutthessmeaa

thosefor Cnp. Forthesweptwing-tailconfi&rationstheinterference
ofthewingonthetailcontributionto Cl ,

P c% ‘
smd ~B isthe

leastat lowanglesofattackforthemidwingconfiguration”.At angles
of attackabovethesingleofattackofwing-alonemsx!mumlifttheinter-
ferenceisgenerallymuchlsrgerthsmthatobtainedatthelowangles,
butnearemangleof attackof32°theinterferencedecreaseswiththe
high-wingconfigurationproducingthelowestinterferenceeffects.

Foreasycomparisonthereexeshowninfigure28theincranents
in CnB and C!yBcontributedby thetailwhenthetailwastestedin

combinationwith”thewingandfuselage,withthewing(fuselageoff),
andwiththefuselage(wingoff).Alsopresentedin thefigureme the
valuesof C9 obtainedwiththeisolatedtail. Theapproximatesngle
ofmaximumliftcoefficientforeachwingis alsoindicatedinthefig-
ure. A studyoffigure28 indicatesthatthesepsrateeffectsofthe
wingandfuselageonthetailcontributionst.o%B and CyB srenot

additivebutaremodifiedwhenthewingandfusel~earecrmnbined.The
effectsdependonwingsweep,wingposition,sadfuselagecrosssection.

CONCLUSIONS

Theresultsofan experimentalinvestigationtodeterminetheeffects
ofwingpositiononthelow-speedstaticlongitudinalandstaticlateral
stabilityderivativesof a#rplanemcdelshavingfuselagesofsquareand
rectangularcrosssectionsendunsweptand45°sweptbacksurfacesindf-
catethefollowingconclusions:

1.At lowsinglesofattackthecompleteunsweptmodelswiththewing
inthehighpositionweremoststableor leastlongitudinallyunstable,
whereasforthesweptmodelstherewaslittlechangein longitudinalsta-
bilitywithchangesinwingposition.Forboththesweptandunswept,
ccmpleteconfigurationsthelowwingpositionwasgenerallytheleast
stableinthemediumangle-of-attackrange,whereasathighanglesof
attacktherewaslittlesignificantdifferenceinthestabilityof the
modelsduetowingposition.

.

w

r“

*
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2. h general,theeffectsof
acteristicsofthemodelswiththe

15

wingpositiononthelongitudinalchsr-
squsreandrectangularfuselagessre

similartothoseobtainedwithmode~-havingcircular-cross-section
fuselages.

3. h thelowandmediumangle-of-attackranges,movingthewing
frm thelowto thehighpositiongenerallycsusesa decreaseinthe
directionalstabilityforboththesweptandunsweptconfigurations.

4. Thelow-wingconfigurationgenerallyhasthesmallestdetr~tal
effects,csusedbysidewash,onthetailcontributiontothestaticlat-
eralstabilityderivativesforalmosttheentiretestangle-of-attack
range.

~.Wing-fuselageinterferencecausesanincreaseineffective
dihedralsnglewhenthewingismovedfrcmthelowto thehighposition.
Thiseffectissimilsrto thatobtaimdfora circular-cross-section
fuselageina pr~ous investigation;however,forthedeep-rectangulsr-
fuselageconfigurationthechangeindihedralissomewhatlsrgerthan
thatobtainedwiththecircularfuselage.

IamgleyAeronauticalLaboratory,
NationalAdvisoryCcumnitteeforAeronautics,

Ia.ngleyField,Va.,August10,1956.
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CIRC!ULAR-C!R09S-SECTIONFLW3LAGEAND
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.

w

Rr=-

D

3

+
a

w

QU’ATIONSFORCOORDINATESOFTHESQUARE-AND

RECCANGUMR-CROSS-SECMONF’WBLAGB

Lx+

Circular-fuselagecoordinates

x,in. R, in.

o 0
2 .64
4 1.20
6 1.68
8 2.09
10 2.42
X2 2.67
14 2.85
16 2.96
I-8 3.00
20 2.99
22 2.97
24 2.93
26 2.87
28 2.79
30 2.70
32 2.60

2.47
2 2.33

2.I.8
E 2.01
42 1.82
44 1.6I.
45 l.%

Equationforcoordinatesofsquerefuselage:

Equtionsforcoordinatesofrectangularfueelege:
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TABLEII.- PERTINENTGEOMEI!RICCHARACTERISTICS

wing:
Aspectratio,~........ . . . . . . . . . .
Taperratio,lW . . . . . . . . . . . . . . . . . .
Quarter-chordsweepangle,A, deg . . . . . . . . .
Dihedralangle,I’,deg... . . . . . . . . . . . .
‘l?wist,deg.. . . . . . . . . . . . . . . . . . . .
NACAairfoilsection. . . . . . . ... .... . . . . .
Area,+,sqin. . . . . . . . . . . . . . . . . .
Spanz~,in. . . . . . . . . . . . . . . . . . . .
Mem aerodynamicchord,‘~,in. . . . . . . . . . .

Verticaltails:
Aspectratio,Av.. . . . . . . . . . . . . . . . .
Tsperratio,lv. . . . . . . . . . . . . . . . . .
Quarter-chordsweepangle,A, deg . . . . . . . . .
NACAairfoilsection.. . . . . . . . . . . . . . .
Area,Sv,sqin. . . . . . . . . . . . . . . . . .
Span,bv,in. . . ● . . . . . . . . . . . . . . . .
Me= aerodynamicchord,Fv,in. . . . . . . . . . .
Taillength,~,in. . . . . . . . . . . . . . . .
Distancefromrootchordto~lk,h,in. . . . . .

Horizontaltails:
Aspectratio,AH....... . . . . . . . . . . .
Taperratio,fi =....... . . . . . . . . . . .
Qyarter-chordsweepsingle,A, deg . . . . . . . . .
NACAairfoilsection.. . . . . . . . . . . . . . .
Area,~,sq in...... . . . . . . . . . . . .
Span,.b=,in. . . . . . . . . . . . . . . . . . . .
Mesmaerodymunicchord,~HJin. . . . . . . . . .
Taillength,ZH,in. . . . . . . . . . . . . . . .

Fuselages: F1 F2

OFMODEL

. 4.0

. 0.6

. 0

. 0

: 6W0
. 324
. 36
. 9.19

‘1. 2.00
. 0.6
.
● 65M&o~
. .
. 9.90
. 5.02
. 16.70
. 4.54

13~
. 4.00
. 0.6
.
. 65AOO;
. 64.8
. 16.10
. 4.11
. 16.70

F3

4.0
0.6
45
0

65A001i
324
36

9.19

‘2
1.40
0.6
45

67Ao08
48.6
8.25
6.02

16.~0
3.78

%2
2.77
0.6
45

65Ao08“
64.8

13.40
4.94

16.70

F4
Ia.gth,in.. . . . . . . . . . . . . 45 45 45 45
Volume,ch in....... . . . . . 823 823 823 823
Sidearea,shin..... . . . . . a6 s36 250 136
Wingheight-spanratio,K@ . . . . . tO.0555kO.050 K).0627 ~0.037

.
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Configuration

mpletemfleb. . . . . . .

iM@usd.ege . . . . . . .

?wsel-age. . . . . . . . .

Fuselage-tail. . . . . . .

sing . . . . . . . . . . .

iing-tail SJla
isola-kd-tail . . . . . .

TABLE III.- CONWKXJRATKW INVWIT._

%’
% c1 Cn

Tarecorrectionsto CL
Tarecorrectionsto %p
L

plotted against p

%%

c1p ‘%p}
plotted againai

{

CL c; q

CYp %p CnP}
plnttedag~t a

{

CL%%
%# Clp cnp1

plottedagaim!ta

{

CL%%

CYP Clp Cr$
}

plotted agaimt a
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cc
ReA7tive

wind \

Fy

Relativewind

P

Azimuthreference--k- “-+ .x

.
Figurel.-Nomenclature‘forstabilitysystemofaxes.Arrowsindicate

positivedirectionsofangles,forces,andmoments.
w-
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(a) Unswept BIJZ’fi3C&3.
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(b) 45° sweptsurfaces.

Figure 2.- IkbMMionE of a ccmplde IECIdel. (All &nsions areininchesumlese
othemiseslated.)
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CIt-cuA3r-cross- sectionfusduge(~)
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L-A
square- C?vss- St?ct!on

f--d
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Deep -rectungulur- cross- section
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Shallow- ri?ctongu/or- cross-sectionfwdoge

Figure3.- Sideviewsandcrosssections
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F@ure 4.-Geometriccharacteristicsofthehorizontalandverticaltails.
(Alldimensionsarein inchesunlessotherwisestated.)
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F@JM 5.- View of 45° sweptbackconfiguration.
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(a) Square fuselage, F2.

Figure 6.- Effect of wing position On the static lorigitutimlstability
characteristicsof severalunswept and 45° swe@Wck tir&fmeL%e-
tail confi~atims.
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(c)ShallOWrectmgular f’uaelage,F4.

~igure6.-Concluded.
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(a) square fuselage, F2.

Figure 7.- Effect of wing position on the pitching-mment coefficientof
severalunsweptand 45° aweptWck wing-fuselage-tailconfipyrations
through the sidesl@rause.a = 0°,10°>20°,and 26°.
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(b] Imp rectangularfuselage,F7.

Figure7.-Contbmed.
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(c) Shallow rectangt,d.tmfwel.age, Fi.

WZUI= 7.- Concluded.
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Figure 8.- Variationof’the strut tare correction to ~, C;, and CL
for .severd.unsweptand 45° Bweptbackwing-fuekge-til confl~atj.om
through the angle-of-attackrange.
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(a) Sqwe fuselage, F2.

Figure 9.- Effect-of uln.g position on the static longitml stibili~
characteristicsof several umwept and 45° aweptback wing-fuselage
Collfiguratmls.
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(b) Ikep rectanguhr fuselage, F3.

IH.gure9.- Continued. u
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(c)Shallow rec~fie~e, F4.

Figure9.-Concl~a.

, .
4 ,

I



(a) Center of

FQure 10.- Static

.
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moments T’or A = OO. (b) Center of mcments

longitudinalstabildtycheJ?acteriszj.cBof several fuselage
with differentcenter-of+mment locations.

for A = 45°.
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Figm’e 11.- Static loqitudinal stability
in combinationwith unswept- and 45°

1’

characteristicsof several fuaelsges
sweptback-tailconfigumtioM.
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Figure 12.- Static longi.t@n&i stabilitycharacteristicsof the uuawept
and 4!5°sweptbackwings. WingB located on balance center and at
Ah/b = 0.06’72 above and below balance center. W
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Figure 13. - Stitl.clongitudinal stability characteristics of several
unswept and 45° swoptbackwing-talland isolated-tallconfigurations.
wings located on balance centar and at tifi = 0.0672 above and
below balance center.
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(a) Sq!mre fuselage, F2.

Figure 14.- Effect of wing position on the static lateral stability
characteristic~of Beveral unswept and 45° sweptbackwing-fuaelage-
tail configurations.
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(b) DeeP RC~ fusdage, F3.

Figure14.- Continued. u
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(c) Shallow rectangular fmehge, ~k.

Figure 14.- Concluded.
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Figure 15. - Vtiation of the strut tare correctlo~ ta CyP, CnB, and

cl for severalunswept and 45°aweptbackwing-fuselage-tailconflg-
P

Urations though the angle-of-attack range.
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Figure 16.- Effectofwingpositionon%heatatlclateralstability
characteriwkicsofseveralun8weptad 45°swep~backwing-fuaelage-
tiilconfigurations. sq~ fuseJ-age, F2.
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(b) cc = 10°.

mgure16.- Continued.

> , . ,

y’



# , D

.47g&d5Ki&40,.lz c&- “- “- -

(c) a = X)”.

~gure16.- Coniinued.
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(d) m = 2&’.

m.gure 16.- cwlu~a.
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(a)

#

Fi@x’e 170- Effect of wimgposition cm the static lateral stability

characteristics of several unswept end 47° swepttik wln8--e@e -
tall configuratims. Deep rectangularfuselage, F3.
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Figure 17. - Continued.
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Figure 17.- Contbmed.
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Fqglre17.- Comluaed.
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(a) a = OO.

Figm’e 18,- Effect ofting position on the static lateral stability
characteristicsof seveml unswept and 45° aweptbackw5mg-fuselW-
tail Configmaticola. Shallow rectangulm fuael.age,F4.
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(b) a = 100.

Hgure 18. - Continmd.
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(c) a = 20°.

~igure 18. - Continued.
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(a) Swm PuA.age, F2.

Figure 19.- Effectofwingpositiononthetailcontributionto CYP,

CnP,lllldGl
P

ofseveralmwept and45°sweptbackw@-fuselage-

tailcoM@lmation6.
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(b) Deep rectanguh? fuselage, F3.

F@ure 19.- Continued.
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(c) ShaJMw rectang~ fuselage, F4.

Figure 19. - &X2Ch*dI WI
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(a) Square fuselage, F2.

Figure 20.- Hfect of wing position on the static lateral stability
charactxaiatj.csof several unmrept-wingand 45° sweptback—wimg—
fuselagecon.f’lguratims.
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(b) Deep rectaogule,rfuselage, F3.

Figure 20.- Continued.
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(c)Shallowrectmgularfu6&iage,F4.

FY.gure20.- Concluded.
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Whgh@ht-spon mlo,y W* h@t-epm ratio,+

(a) A = 00. (b) A = 45°.

Figuxe 21.- Variationwith wing height-s-panratio of the effective dihedral angle due to
wing-fuselageInterferencefor several unswept-wingand 45° sweptback-wing-~ebge
comf@urati.ons. a = 00.
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Figure 22.- Comparisonof the measured aud calculated variation of the
total increment in C~p duetowing-fuael.ageinterferencefor

unswept-wingand45° aveptMck—ting-f~ e@3e cotiiguratim caumd
by moving the whg from low tQ high @sltion. u = OO.
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(a) ceUtir of moments for A = 0°.
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(b) Center of moments for A = ks”.

m.p 23.-Staticlater~stabilitycharactifistlcs
ofseveraJ.fmsela8econflgmationswith

&Mferentcenter-of-m~nt locations.
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llgure 24.- Static lateral stabilitichsractefi,gticsof several fuaehges
in caiution uith un~pt. snd 45° sweptb~-til c~mtim.
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Figure 25. - Static lateral stabilitycharacteristicsof the unswept
and 45°sweptbackwings.Wingslocatedonbalancecenterandat
Ah/b= O.ti72 aboveandbelowbalancecenter.
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(a) Ah/b = O and +0.0~.

Figure 26.- Static laterel stablli~ characteristics of several unswept
aud 45° sweptbackW@-tdl ti isOkted-tail cOtii~atiOIIE1. wings
locatea on lxiknce center and at M/b = 0.037, 0 .~O, and 0.0672
above W bebv balance center.
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(b) Ah/b = O and to.0672.

Figure 26. - Continued.
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(c) N1/%=oandio.037.

mgure 26.- cmcluhL
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(a) &/b = O and ~0.0~.

Figure ~. - liffect of ulnf$p06itiOn On the tail contributionb CYP,

CnP) and Clp of severalunswept and 45°mmptbaclswing-tail

configurateona. s’
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(b) @b = O

Hgure 27.-
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(C) &/b = O and tO.037.

Figure27’.-Conclutid.
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(a) Fu9el.s.ge 2. Wing in high posikion.

)?i.gure28.- Comparisonof the effect of tielage, wing, .9zMwing-fuselage
ccddnation on the Ml contributionto ~B ~d C%,
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(b) Fuselage 2. wing in lCU poBitifmi

Figure 28. - Continued.
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(C) Fuse= 3. Wing in high position,
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(d) Fuselage 3. Wingin low position.

Figure 28.- Continued.
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(e) Fuselage 4.
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wing h high poBition.
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Figure 28.- Continued.
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(~) F’use~e 4. Wing in low positicm.

Figure 28.- Concluded.
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